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Precision and Bias of Various Soybean Dry Matter Sampling Techniquesl

P. G. Hunt, K. P. Burnham, and T. A. Matheny2

study, Carter et al. (6) reported the optimum sampling
size of soybean to be 2 m of bordered row. However,
we found no investigations in which the within-plot
sampling estimates were actually compared to the sub-
sequent entire subplot measurements to allow for an
estimate of bias. Therefore, we investigated the pre-
cision and bias of four sampling techniques.

ABSTRACT
A balance between sample sizes sufficient to detect real differences

and resources necessary to obtain and process samples is a continual
problem for scientists. In the first year, this study assessed the pre-
cision and bias associated with three subplot sampling techniques
used for estimating soybean IGlycine max (L.) Merr.1 shoot dry mat-
ter production: (a) random 1 m of row, (b) random 0.3 m of row, and
(c) four randomly selected plants. The experimental design was a
split-split plot. Three cultivars (Braxton, Coker 338, and Davis) were
the whole plots, and three sampling date plots were the subplots.
Measurement of the total plant dry matter within the subplots as
well as the dry weight obtained by three sampling methods consti-
tuted the four split-split plots. When dry matter data were averaged
over time and cultivar, the coefficients of variation (CV) for the sam-
pling techniques (a), (b), and (c) were 0.187, 0.417, and 0.386, re-
spectively. The CV was 0.088 when the 20-m' subplot (27 m of row)
was measured. The I-m technique did not significantly overestimate
dry matter production relative to the entire subplot measure, but the
0.3-m and four-plant (4-P) techniques significantly overestimated dry
matter production. Cultivar, date of sampling, and cultivar X date-
of-sampling interaction effects in the analysis of variance were sig-
nificant at P ::; 0.05 only when data from the entire subplot or I-m
sampling technique were used. A second study in 1985 also showed
that the O.3-m and 4-P sample techniques were poor for both pre-
cision and accuracy. This second study also compared the precision
and bias of 1- and 2-m samplings as well as the precision and bias
associated with different technicians. The 1- and 2-m techniques gave
equally unbiased results, but the I-m technique did not give equally
good precision (CV). Comparison of techniques was not significantly
affected by technicians. We concluded that adequate accuracy and
precision were obtained by use of the I-m or 2-m sampling technique,
but not by the O.3-m or 4-P techniques.

Additional index words: Soybean dry matter. Glycine max (L) Merr.,
Coefficient of variation, Sign test, Plant sample size.

MA TERIALS AND METHODS
A 2-yr field study was conducted on Norfolk loamy sand

(fine-loamy, silicious, thermic Typic Paleudult). In 1984, a
split-split plot design with four replicates of a randomized
complete block design was used (Fig. I). Soybean cultivars
(Davis, Braxton, and Coker 338, maturity groups VI, VII,
and VIII, respectively) were arranged as whole plot treat-
ments. The split-plot treatments (sampling dates) were 20-
m2 subplots that were harvested on three separate dates. The
split-split plots were three sampling techniques and a com-
plete measure Jf the dry matter in a subplot.

Fertilization consisted of 15, 84, and 1121 kg ha -I of P,
K, and dolomitic lime, respectively. 'Treflan' (trifluralin-
a,a,a-trifl uoro- 2, 6-dini tro- N,N -di propyl-p-tol udi ne) and
'Lexone' [metribuzin-4-amino-6-( I, l-dimethylethyl)-3-
(methylthio)-1,2,4-triazin-5(4/1)-one] were applied prior to
planting at the rate of 0.7 and 0.4 L ha -I, respectively. Soy-
bean cultivars were planted on 18 May at 33 seeds m-2, and
each subplot contained eight rows 4.6 m in length on 0.75-
m spacing. Overhead irrigation was used as needed to pre-
vent drought stress. Samples were taken during the vegeta-
tive through podfill stages of growth at 89, 115, and 138 days
after planting (DAP). On each sampling date, 3 sampling
techniques were used within each subplot (20 m2) before the
entire 20-m2 subplot was harvested (Fig. 1): (a) randomly
selected 1 m of row, (b) randomly selected 0.3 m of row,
and (c) four randomly selected plants. One sample was ob-
tained for each of three sampling techniques for each subplot.
Rows for subsampling were randomly selected from the mid-
dle six rows, and the meter stick was placed within the mid-
dle two-thirds of the row. The four randomly selected plants
(4-P) were obtained by placing a meter stick into four lo-
cations of the subplot and harvesting the plant nearest to
the l-m mark. Plants for the 0.3-m technique were obtained
by harvesting all plants between the 0.4- and 0.7-m marks.
Plants for the l-m technique were obtained by harvesting
all plants along the length of the stick. Total harvest of the
subplot was considered to be the fourth sampling technique.
Plot ends were trimmed to obtain a 20 m2 (27 m of row on
0.75-m spacing) subplot. Plant samples were dried at 70°C
and measured for dry weight. Seed yield and fallen litter were
measured on a fourth subplot on a fourth sampling.

In 1985, sampling techniques were again compared to the
total plot dry weight results, but only one sampling date (97
DAP) and one cultivar (Coker 368) were used. Three tech-
nicians (whole plot) sampled six replicates, for a total of 18
whole plots of a randomized complete block design. Split-
plot factors were again subsampling methods (including har-

S OYBEAN [Glycine max (L.) Merr.] has worldwide
importance, and investigators are interested in

many aspects of its growth and culture. Studies on
nutrient status (10), yield (2,4,8), nitrogen fixation and
annual balance (3,9,11,12,13,14), and residue or dry
matter production (5,7) have been of particular inter-
est. Accurate determination of soybean dry matter is
important for all ()f these interests. Yield data for soy-
bean are typically taken from> 10m of row per ex-
perimental unit, and coefficients of variation (CV's)
are commonly < 0.10 (8,10,12). However, shoot sam-
ples for dry matter and N accumulation estimates are
frequently taken from I m of row or less (5,7,13), and
CV's of these estimates are often 0.20 or greater (5).
Additionally, there is bias that might be associated
with various sampling techniques.

Although subsample size and technique for obtain-
ing soybean shoot samples are numerous, they usually
involve either the random selection of a number of
plants and the multiplication of the per plant value by
a population estimate, or the sampling of a section of
row and multiplication by a factor for conversion to
a unit-area basis (5). Statistical aspects of subsampling
are discussed under the topic of two-stage sampling by
Steel and Tome (15).

Carter et al. (5) evaluated the precision of various
sampling techniques, but their experiments were in
different locations and different years. Thus, sampling
techniques could not be directly compared. In a later

I Contribution of the USDA-ARS, Coastal Plains Soil and Water

Conservation Research Center, Florence, SC 29501. Received 18
Feb. 1986.

2 Soil scientist, USDA-ARS, Florence, SC; statistician, USDA-ARS,
Raleigh, NC; and soil scientist, USDA-ARS, Florence, SC, respec-
tively.

Published in Agron. J. 79:425-428 (1987).

425



426 AGRONOMY JOURNAL, VOL 79, MAY-JUNE 1987

Whole Plot

REP 1 Cult1var 1

.
REP 4 Cultivar 3

technique samples
Fig. I. A schematic of the experimental design and subplot sampling techniques.

vesting the entire plot). A 2-m subsample was taken in ad-
dition to the three techniques used in 1984. For both years,
data were analyzed by analysis of variance (ANOV A) as
outlined by Steel and Tome (15). Sampling techniques were
compared in pair-wise comparisons.

RESULTS AND DISCUSSION
One of the major problems associated with large

experimental errors and poor precision is the inability
to detect treatment differences. This problem is clearly
shown in Table I. The 0.3-m and 4-P techniques gaye
no P < 0.05 for replication, cultivar, date, or cultivar
X date. Yet, subplot differences among date, cultivar,
and cultivar X date means were> 31, 35, and 39%
of the grand mean, respectively (P < 0.0 I). True dif-
ferences of this magnitude are important to the inter-
pretation of experimental results and proper soil man-
agement. Thus, it is of considerable experimental and

Table I. Analyses of variance of soybean shoot dry weight as deter-
mined with data from various sampling techniques in 1984.

resource-allocation importance that the I-m sampling
technique also produced P-values of < 0.01 for all
sources of experimental variation except replications.
From an experimental precision standpoint, the l-m
sample is clearly superior to the 0.3-m or 4-P tech-
niques for these soybean, which had a mean yield of
2.01 mg ha-l. The seed yield along with vegetative dry
matter and litter were obtained on a fourth sampling
date, but the data were not used in these analysis.

Measures of precision are presented in Table 2. The
CV for the mean obtained from the sampling of the
subplot for all cultivars and dates was 0.088; a value
that is low relative to those reported by Carter et al.
(5). This lower CV occurs because the subplot was
large relative to typical dry matter sample size. Re-
duction of the sample size from 27 m of row to I m
of row increased the CV by a factor of2.1. However,
reduction of the sampling size to 0.3 m of row or use
of the 4-P technique increased the CV by more than
fourfold. The root error mean square (REMS) for the
l-m technique only increased by 2.2-fold over the sub-
plot, while either the 0.3-m or 4-P techniques increased
the REMS by over sixfold.

There was no significant sampling method X cul-
tivar or subsampling method X date interacrion. Thus,

Source df
p- p- p- p-

MS valuet MS value MS value MS value

1.68 .0092 2.37 .2756 25.55 .2084 2.77 .8909
5.80 .0001 9.92 .0092 0.16.9900 43.68 .0564
6.31 .0001 14.44 .0018 7.79 .6143 5.68 .6603

1.93 .0027 7.81 .0073 12.94 .5214 5.90.7791

0.35 1.73 15.66 13.44

Table 2. Means and estimates of error by four methods of soybean
sampling in 1984.

MeanMethod REMSt CV a.t4

24

Subplot
I-m row
O.3-m row
Four-plant

0.591
1.314
3.957
3.666

0.088
0.187
0.417
0.386

0
1.391
3.662
3.110

Replication
Cultivar
Date
Cultivar

x date
Pooled§

error--
t SP = subplot (27 m of row), 1-m = l-m row, O,3-m = 0.3-m row, 4P =

four plants, MS = mean squares.
t P-value = probability of a greater F value under the null hypothesis.
§ Analysis of the 1984 data showed that errors lal and (b} of the "tandard

split-plot ANOV A were not significantly different IF values were 1.0 or
less). and a combined error (al and (bl term was used.

t REMS = root en-or mean square. CV = coefficient of variation.
t as is derived form Eq. [3).
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cultivar and dates were pooled for most of the anal-
yses, and a combined error (a) and (b) term was used
for all of the reported analyses. Variation ofa sampling
method within subplots (u,) were directly estimated
from the 36 differences:

d, = X, -X, [I]

where X = the dry weight direc!ly measured by har-
vesting the entire subplot; and X, = the estimate of
X based on sampling method s, i.e., methods (a), (b),
and (c). The 36 differences were indexed by ;, ;=
I,. ..,36 (i.e., d,,), and the bias of methods was esti-
mated as the mean difference:

36

bias = a, = 1/36 L d", [2]
I-I

36

" -2
L (d,,-ds)
,-I --~2 -a. -35 ~

When a subplot samplin~ technique is used, the er-
ror mean square (EMS) is as + al, because within-plot
(a;) and among-plot (a2) sources of variation are ad-
ditive. Thus, a; is the appropriate measure of the error
associated with sampling techniques as opposed to the
error associated with field and cultivar variations. Since
there was no subsampling in measuring the entire sub-
plot, its as can be assumed to be equal to zero (a,=O).
The I-m technique as was only 1.39 compared ~o 3.66
and 3.11 for the 0.3-m and 4-P techniques, respec-
tively.

The subplot measurement on the first three sam-
pling dates gave a dry matter mean of 6.72 Mg ha I,
and the I-m, 0.3-m, and 4-P methods had dry matter

(3]

means of 7.05, 9.61, and 9.51, respectively (Table 2).
Bias measurements (sign test, [-test, and Eq. [2]) be-
tween the 0.3-m and 4-P sample techniques were small,
as were measurements of bias between the I-m and
entire subplot-measured techniques (Table 3). Dry
matter estimates from either the 0.3-m or 4-P sample
techniques were significantly biased from either the 1-
m or subplot technique. This is consistent with the
suspected overestimation reported by Hanway and
Weber (7) for samples of 0.6- and 0.3-m row length.

The 1985 shoot dry matter estimate of 8.85 Mg ha -I
was higher than the 1984 value, but the CV for the
subplot technique, 0.085, was very similar (Tables 2
and 4). In 1985 the CV's and REMS values for the
0.3-m and 4-P sampling techniques were lower than
in 1984, but they were higher for the I-m technique.
The 2-m subplot technique was the least variable with
REMS, CV, and 0", of 1.246, 0.132, and 1.302, respec-
tively.

When measured by the sign test and [-test in 1985,
the 0.3-m and 4-P subplot sampling techniques were
highly biased for overestimates, but the 1- and 2-m
techniques were n",t biased from the subplot or each
other (Table 5). Although not given in Table 5, the
estimate of bias and standard error of bias gave similar
results to the sign test and [-test. Differences between
the subplot measure and the sample measures were
not greatly affected by samplers or technicians in 1985
(Table 6).

A significant overestimation bias was present in the
0.3-m and 4-P subplot samples in both years and with
different individual samplers or technicians even
though our procedure incorporated random selection
of samples. The plant population was counted after
removal of the shoots for each plot, so overestimation
of the population was very unlikely. We can only as-

Table 5. Measures of bias among various sampling technique'! in
1985.

Table 3. Measures of bias among various sampling techniques in
1984.

Sampling techniques comparisonst

0.109

0.368

0.7707

1.0000

Statistic:t 2.536

0.788

0.0050

0.076

3.617

0.851

0.0005

0.0014

0.499

0.544

0.3719

0.8146

0068

0.307

0.0641

0.0964

2.461

0.5595

0.0001

0.0004

2.567

0.5939

0.0001

0.0300

2.787

0.5183

00001

0.0001

2.984

0.6104

0.0001

0.0016

0.327

0.2319

01678

0.4006
t SP = subplot, 4P = four plants, O.3-m = O.3-m row, I-m = I-m row.
t Estimaw of bias = the mean of the pairro differences; SE of bias = square

root of ((]~In-', where n = number of experimental units; P-values = pro-
bability of a greater test value under the null hypothesis.

Table 6. Difference in the subplot sampling means and subplot
means with different technicians conducting the sampling pro-
cedure in 1985.

t SP = subplot, 4P = four plants. O.3-m = O.3-m row, I-m = I-m row
:t Estimate of bias = square root of (~In-'. where n = number of experimen-

tal units; P-values = probability of a greater F value under the null

hypothesis.

Table 4- Means and estimates of error by five methods of soybean
sampling in 1985- Sampling techniques compansonst

0.065
0.048
0.214

NS

A
B
C

LSD

-0.359

1.572
0.611

1.336

0.424
1.524
0.397

NS

3.880
3.453
0.274

NS
t SP = subplot, 4P = four plants. O.3-m = O.3-m row, I-m = I-m row.

The within subplot sampling variances of methods can
be estimated as

0.106

0.7198

0.8834

0.8650

(0.05)
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sume that as investigators we subconsciously selected
for a visualized plant and made consistent selections
for bigger plants. Thus, the 0.3-m and 4-P techniques
appear to be poor for both precision and bias. The 1-
m and 2-m sampling techniques may have eliminated
a bias toward more uniform stands that may have
caused the overestimation by the 0.3-m technique.
Since the I-m sampling technique was not significantly
biased from the subplot sampling technique by the sign
test or t test, and since it had a 2-yr average CV of
less than 0.24, it appears to be an acceptable sampling
technique for estimation of soybean shoot growth. The
2-m technique had improved precision, but it had no
improvement in the elimination of bias compared to
the I-m technique.
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